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ABSTRACT
The stainless steels are become more susceptible to localized corrosion when they are 
exposed to harsh environments. This study is to deposit an alternative material 
focusing on nanocrystalline CoNiFe which has been identified as a potential candidate 
for replacing hexavalent chromium plating in corrosion resistant coating. This 
material is recognized as a green material because it does not hazardous to 
environment. The objectives of this research are to optimize the deposition parameters 
in synthesise nanocrystalline CoNiFe coating layer on stainless steel and heat treat it 
to obtain optimum corrosion properties in suitable environments. The CoNiFe coating 
was synthesised using an electrodepostion process by varying pH solutions (3, 7 & 9) 
and deposition times (30, 60 & 90 minutes) in order to determine the optimum 
deposition parameters. Other parameters such as electrolyte composition, temperature 
and current density were kept constant. The heat treatment process was conducted at 
the optimum heat treatment temperature of 700°C under two different inert gas 
atmospheres, which are 100% argon and mixture of 95% argon + 5% hydrogen gases. 
Lastly, the corrosion behaviour of nanocrystalline CoNiFe with and without heat 
treatment under various environments was determined. In an optimum 
electrodeposition parameters (pH 3 and 30 minutes deposition), stainless steel are 
fully coated by nanocrystalline CoNiFe. Corrosion rate was decreased while hardness 
was increased due to the fine particles using acidic electrolyte of pH 3. The heat 
treatment on the coating sample was observed to produce better coating compared to 
the as-synthesised sample. The heat treated samples with a flowing 100% argon gas 
revealed the optimum properties with least voids and less agglomerates. Higher 
hardness and good corrosion resistance was observed with the homogenous 
microstructure. The optimum corrosion resistance environment of nanocrystalline 
CoNiFe was alkaline of NaOH and seawater environment. Heat treated 
nanocrystalline CoNiFe using flowing 100% argon gas is more compatible in alkaline 
environments compared to mixing gas atmosphere and as-synthesised coated sample. 
This phenomenon was due to the rearrangement of atoms on the microstructure which 
produced the smallest particle size and compaction of morphologies. The hardness 
was seen to increase gradually with the decrement of particle size. It was observed 
that smaller particle size and homogenous structure was significant in smoothness 
surface and the slowest corrosion rate. Interestingly, it was found that the corrosion 
rate for all samples exhibited the slowest corrosion rate compared to the corrosion rate 
of the stainless steel despite the fact that the sample demonstrates the active corrosion. 
This study contributes the useful guideline for the corrosion behavior of 
nanocrystalline CoNiFe with and without heat treatment in different natural and pH 
environments. This finding could be significant in stainless steel design and 
manufacturing application especially involved in corrosion environments exposure.
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CHAPTER ONE
INTRODUCTION
1.1 BACKGROUND OF STUDY
Stainless steel is the most worldwide used material for industrial 
applications. This is due to its good mechanical properties, availability and 
relatively reasonable cost. Stainless steel is also famous for its remarkable 
resistance to corrosion due to a chromium-rich oxide film formed on the surface 
[1]. The passive oxide film formed is usually very thin and protective in oxidising 
environments such as air and water. Nevertheless, when stainless steels are 
exposed to harsh environments, they become susceptible to localised corrosion 
that destroys the protective passive film [1], However, they are more susceptible 
to localised corrosion than uniform corrosion in aggressive environments [2]. 
Some of the most common forms of localised corrosion are pitting corrosion, 
galvanic corrosion, stress corrosion cracking and crevice corrosion. This localised 
dissolution of an oxide-covered metal in specific aggressive environments is one 
of the most common catastrophic failures of metallic structures.
Several methods have been investigated and implemented to reduce the 
corrosion process and extend the life time of the structures. These methods 
include design modification, coating and cathodic protection. The corrosion 
problem can be overcome by providing a layer protection (coating) to metal using 
coating process. The earliest commercial application for electrodeposition coating 
process was introduced by Luigi Brugnatelli in 1800 [3]. Worn or corroded 
components were coated, machined and returned to service thereby saving the 
costs of replacement. As for components operating in extreme corrosive 
environments, they can be coated to minimize material loss and extend equipment 
operating service thus avoiding unnecessary replacement at higher expenses [4],
Electrodeposition process is well known as an interesting technique to 
produce coating due to low cost processing, rapidity, industrial applicability and 
higher deposition rate. This process also has potential to produce the structural 
features of materials with variety of size ranging from micrometer to nanometer. 
A number of electrodeposited alloys are of interest due to various properties such
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